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and begins to acquire a slight lumbar flexure, the caus-
ative factors for which are to be found in the trans-
formations of the inner structures. The caudal
termination of the trunk, instead of tapering smoothly
as heretofore, now begins to have an abrupt recessive
character that will result in the caudal filament of later
stages.

A distinct nasofrontal groove is constant in profiles
of all specimens of the group. The nasal pit opens
ventrally and cannot be seen in full-profile views. To
examine the nostril it is necessary to have decapitated
specimens or models.

The auricular hillocks exhibit their characteristic form
at stage 17. Shown in figures 16-5 and 17-3, they consist
of six circumscribed superficial condensations, three
(Nos. 1-3) on the mandibular arch and three (Nos. 4-
6) on the hyoid arch. The latter are more prominent
and are destined to form the auricle of the ear. The
three on the caudal surface of the mandibular bar are
less sharply outlined. The ventralmost of them be-
comes the tragus, and the dorsal two join in the for-
mation of the crus helicis. Between these two rows of
hillocks the hyomandibular groove increases in width
and depth, thereby initiating the formation of the con-
cha and the external acoustic meatus. It is common
for the hillocks to coalesce at this time and take the
form of a key-plate. The opening for the key is en-
croached upon by hillocks 2 and 5, and the key slot
is thus separated into dorsal and ventral parts, like the
numeral 8.

The transformation of this region into the external
ear has been described by Streeter (1922) Hochstetter
(1948) and Blechschmidt (1965). According to Stree-
ter, only minimal and superficial parts of the mandi-
bular and hyoid arches participate in the building of
the external ear. The importance of the auricular hil-
locks has long been in dispute. In spite of their ap-
parent independence of other structures, the
development of the external ear keeps in step with
that of other organs, and one can fairly well determine,
from the status of the external ear, the stage to which
a given embryo belongs,

The upper limb bud at stage 17 is distinguished from
that of the previous stage by the acquisition of finger
rays, They are only slightly indicated in the less ad-
vanced members of the group, but are clearly demar-
cated in all others. The hand plate of the most advanced

members begins to have a crenated rim caused by the
projecting tips of the individual digits, This crenation
becomes a prominent characteristic at the next stage.

An outline of the lower limb bud at stage 17 is shown
in figure 16-4. Apart from having increased in length
and general mass, it now has a rounded digital plate,
set off from the tarsal region and leg. One can also
begin to see, at the junction of the limb bud and trunk,
evidence of slower-developing tissue that will even-
tually become the muscles and bones of the pelvic
girdle.

Turning to the somites, it is found that these do not
influence the surface markings except in the lumbar
and sacral regions, where they stand out as definite
elevations. In less-advanced members of the group
they can be seen as far rostrally as mid-thoracic levels.
Throughout the cervical and upper thoracic regions,
the increase in superficial embryonic connective tissue
obscures the spinal ganglia. When embryos are unu-
sually translucent the ganglia can be seen even here.

Face

By stage 17 the face has emerged as a consequence
of the enlargement and fusion of several growth cen-
ters which are generally spoken of as facial processes.
As they merge, these produce structures recognizable
as the definitive nose and upper jaw. The important
steps in this transformation are illustrated in figure 17-
3. Ever since the pioneer descriptions of His, they have
been designated as facial processes. To call them that,
however, has the disadvantage of oversimplification.
In reality they are not prolongations having free ends
that meet in the nasal region; nor is the ectoderm
absorbed over their abutting surfaces. In transverse
series of embryos the facial region is likely to be cut
coronally (i.e., tangentially), which gives an exagger-
ated idea of their length. The alternate sections of the
series used by His are now in the Carnegie Collection,
catalogued as No. 7317. It is more precise to speak of
these structures as swellings or ridges that correspond
to centers of growth in the underlying common mes-
enchyme. The furrows that lie between them on the
surface are smoothed out as the proliferation and fu-
sion of the growth centers fill in beneath: i.e., merging
occurs rather than fusion (Patten, 1961). Under these



Fig. 17-2. These photographs show the variation in form en- groove, the disappearance of the third pharyngeal arch, the pres-
countered in stage 17, a two-day period of development. In spite ence of finger rays of the hand plate, and the absence of toe
of variations in fixation, shrinkage, and original condition of the rays except for the prominence of the great toe. (A) No. 6742.
embryos, their external characteristics apply fairly well to this (B) No. 6519. (C)No. 8118. (D) No. 6631. (E) No. 1267A. (F) No.
whole group: i.e.,. the presence of the lateral nasal wing, the 6521. (G) No. 6258. (H) No. 6520. (I) No. 5893. All are at the
prominence of the three-hillock plate behind the hyomandibular same magnification except B, which is slightly greater in mag-

nification.
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circumstances no ectoderm requires absorption; it is
simply flattened out in adaptation to the changed sur-
face. This is in confirmation of the observations of Peter
(1913) who found that the grooves separating the fa-
cial processes do not disappear as a result of the fusion
of their edges. Instead they become more shallow and
eventually smooth, as the increase in mass produces
a new surface level, This point is to be kept in mind
in analysis of the factors involved in the deformities
that accompany harelip.

In the formation of the face certain aspects require
emphasis. First, the component growth centers are bi-
lateral, and the right and left groups are originally
widely separated from each other. Secondly, these
growth centers on each side include (1) a ventrome-
dial extension of the maxillary arch (maxillary pro-
cess), (2) the ridge, or lip, forming the dorsolateral

DEVELOPMENTAL STAGES IN HUMAN EMBRYOS

boundary of the nasal pit, destined to become the nasal
wing on that side (lateral nasal process), (3) the rounded
medial rim of the nasal pit (medial nasal process),
which subsequently in cooperation with its mate and
the intervening tissue unites in the formation of the
septal elements of the nose, together forming a single
median structure, the composite nasal septum, and
(4) the growth center at the ventral end of the medial
nasal rim, but discrete from it, destined to form the
premaxilla (premaxillary center). The last is the glob-
ular process of His and is commonly included as part
of the medial nasal process, It could equally well be
termed the intermaxillary or incisive center, The term
frontal process has been applied to the median field
lying between and dorsal to the nasal pits. In stage 17
the frontal field is marked by the absence of any con-
densation, and it is premature to speak of a “process.”

Fig. 17-3. This is the period of the emergence of the nose and
future upper jaw. Less-advanced, intermediate, and more-ad-
vanced representatives of stage 17 are illustrated. Similar views
of the preceding stage are shown in figure 16-5, and the follow-
ing stage is shown in figure 18-3. All are at the same magnification
and hence can be compared directly. One can see the facial
parts coming into existence as a consequence of the proliferation
of the underlying mesenchymal growth centers. These undergo
a coalescence of ridge-like masses, each mass differentiating into
the various structures of its own region. Both the overlying
epithelium and the precocious trigeminal and facial nerve strands
appear to participate with the mesenchyme in the regulation of
the form of the developing facial components. The field marked
by the presence of the auricular hillocks is stippled, and the
hillocks are indicated in accordance with the parts of the external

ear derived from them.
AUD. GROOVE, hyomandibular groove. (As it becomes wider

and deeper because of the elevation of the surrounding struc-
tures, the hyomandibular groove is transformed into the concha
and external acoustic meatus.) CERV. MUSCLES, cervical muscle
center at tip of accessory nerve. MAX., maxillary growth center.
MAX’., supplementary maxillary growth center. MEDIAL NASAL
PROC., medial nasal process. NASOMAX. GROOVE, nasomaxillary
groove. NASAL SEPTUM, ventral border of septum as it projects
between the two nostrils. NASAL TIP, tip of nose, as found in
more-advanced members of this stage. (The nose at first is like
a raised awning, and it will subsequently come down as its roof
forms.) LAT. NASAL PROC., lateral nasal process. PREMAX, pre-
maxillary or incisive center (globular process of His). Drawings
made by James F. Didusch. Models made by Osborne O. Heard.
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The latter will come considerably later as a part of the
building of the elongated dorsum of the nose. Thirdly,
the above-mentioned growth centers blend with each
other and, in some cases, meet across the median plane.
As they do so, they exhibit in each instance the ability
to form the various structures and strata required in
their particular region, such as lip, alveolar and pala-
tine processes, and finally teeth.

According to Politzer (1936) two more or less par-
allel furrows are found cranial to the maxillary process.
He maintained that the cranial is the nasolacrimal groove
whereas, contrary to the usual description, the caudal,
in his view, is merely the limiting furrow of the max-
illary process (Grenzfurche des Oberkiefefortsatzes),
or what is generally termed the nasomaxillary groove.

The establishment of the face can be traced in figures
16-5, 17-3, and 18-3. Scanning electron micrographs
have been published by Hinrichsen (1985).

Nasal Passages

The transformations of the right and left nasal pits
lead to the establishment of bilateral respiratory pas-
sages that by-pass the mouth. Already at stage 16 the
epithelium of the nasal pit shows evidence of regional
specialization. Because of this and the accompanying
proliferation of the underlying mesenchyme, one can
now recognize the outlines of the wings of the future
nose and the median rim of each nostril,

From the edges of the nostril, and sharply demar-
cated from the abutting skin ectoderm, the nasal epi-
thelium extends deeply into the preoptic region as a
flattened pocket, constituting the nasal sac. Along the
ventral fold of the latter, the epithelium exhibits a
characteristic growth activity. It proliferates in the form
of a plate-like fin or keel which maintains an epithelial
continuity between the nasal sac and the roof of the

Fig. 17-4. Simplified outlines of selected sagittal sections
showing the steps in the formation of the respiratory by-pass in
stages 16-18. Judging from its prominence and precocity, the
epithelium of the nasal pit appears to be an important deter-
mining factor. This same epithelium is a mosaic of at least four
specialized areas. One forms the zone of olfactory cells; another
becomes the vomeronasal organ; another participates in the
formation of the system of nasal conchae; and another is the
plate-like nasal fin, which by a characteristic splitting phenom-
enon produces the choana. The underlying mesenchyme is an

important partner in these changes. It is from the maxillary and
premaxillary centers that the primary palate spreads forward
and across, thereby separating the nasal passage from the mouth.
The nasal ectoderm is much thicker than the contiguous skin
ectoderm, but allowance is to be made for exaggeration in some
places because of the tangential section, notably in the first two
phases, In each case the outlines represent camera lucida draw-
ings of single sections, with the exception of the last, which is
a composite of two sections.
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Fig. 17-5. Upper row, camera lucida drawings of transverse sections (in most instances, every fifth
section) through right nasal pit of No. 6258. This embryo corresponds closely to No. 6519, a sagittal
section of which is shown in the lower row. To facilitate comparison of the two, the approximate section
levels of the tracings of No. 6258 are superimposed upon the latter. The sagittal drawings in the lower
row show less-advanced, intermediate, and more-advanced representatives of this stage, a period of
rapid transformation in the nasal region. It is to be noted that the primary characters of this respiratory
by-pass are acquired in miniature and before the attainment of its topographical relation to the tongue.

LAT. NASAL PR., lateral nasal process; MAX., maxillary growth center; N.M., nasomaxillary groove;
PREMAX, premaxillary growth center.

mouth. The location of the nasal fin is indicated on
the surface by a groove, at first shallow, later becoming
deeper and marking the boundary between the pre-
maxillary and maxillary growth centers. This is the
primitive palatine groove of Peter (1913).

Except for that maintained by the nasal fin, the con-
tinuity between the nasal sac and the roof of the mouth
becomes interrupted by the active proliferation of the
mesenchyme of the premaxillary and maxillary growth
centers, which blends across from one center to the
other, in front of the nasal fin. There is thereby estab-
lished the primordium of the palate. The right and left
primary palates are derived from the premaxillary cen-
ters and unite in the median plane. That part (second-
ary palate) derived from the maxillary centers takes
the form of lateral elevations on the two sides.

The developmental function of the nasal fin begins
to express itself already in stage 16, at which time there

is scarcely more than a nasal pit. In stage 17 the primary
palate makes its appearance, and the nasal fin becomes
transformed from an epithelial plate to an epithelium-
lined passage in consequence of the coalescence of its
cleavage spaces and through adaptation of its rapidly
proliferating cells. As long as the end of this passage
is obstructed by incomplete cleavage of the epithelium,
it constitutes a cul-de-sac, the hinteren Blindsack of
Peter. In stage 18, among the less advanced members
of the group, an epithelial membrane-like remnant
(the bucconasal membrane of Hochstetter) still stretches
across the opening. In more-advanced members, the
last strand has been retracted and a free respiratory
passage exists from the nostril through the choana to
the nasopharynx. The steps in the laying down of the
primary nasal passage can be seen in simplified form
in sagittal sections, as is illustrated in figure 17-4. Sec-
tions taken from four embryos belonging to stage 17
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Fig. 17-7. Reconstruction of the endocardium of the heart and its arterial trunks in No. 6520, a member
of the median third of stage 17. It is shown in two parts, A and B. In A, only the derivatives of the
primary cardiac tube are shown. In B, enough of the primary tube is removed to expose the venous
part of the heart. The latter, being in a contracted state, reveals in an unobstructed view the right and
left atrioventricular canals, now clearly separated, each leading forward into its respective ventricle. It
will be noted that the primary cardiac tube is connected with the venous part of the heart only at the
two atrioventricular junctions, When the latter are severed, the arterial portion can be freely separated
from the venous part. In A, the cleavage has not yet crossed the crest of the septum, and both arterial
trunks lead off from both ventricles. From the distention of the endocardium of the primary cardiac
tube, however, one can see that the left ventricle favors the aorta, and the right ventricle the pulmonary
trunk. Drawings made by James F. Didusch. Reconstruction made by Osborne O. Heard.

its expression in the expansion of the endocardial lu-
men into two main channels (aortic and pulmonary),
as seen in embryos Nos. 3385 and 6510 in figure 15-
5. According to Streeter, the endocardium between
them is consequently subject to less distention, re-
sulting in its final absorption. Thereupon the sup-
porting mesenchyme fills in along that spiral path of
less stress. Under such circumstances the adaptation
of endothelium to the existence of two blood currents
must rank high as a factor in the cleavage of the aortic
and pulmonary trunks, whereas conotruncal ridges are
merely the remains of the cardiac mesenchyme, a fill-
ing-in behind the reshaping of the endothelium. An
increase in the supporting reticular cells is found, and

such a condensation is seen particularly in the plane
where the aortic and pulmonary channels are under-
going cleavage. An area of that kind is illustrated in
section 6-2-2 in figure 17-6, and it signifies that one is
close to an endothelial surface.

A complicated organ like the heart can be studied
with advantage in three-dimensional reconstructions
(fig. 17-7). In the embryo selected, the atria were con-
tracted, thus favoring the viewing of the two atrio-
ventricular canals. The reconstruction is shown at two
levels, one (A) in front of and to be superimposed
upon the other (B). The front model (A) shows the
pulmonary and aortic trunks leaving the heart, and the
part they take in the formation of the left dorsal aorta.
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Fig. 17-8. Reconstruction of the epithelial core of the alimen-
tary canal typical of the median members of stage 17 (No. 6520).
It will be noted that the epithelium has acquired a pattern in
which one can recognize many details approximating the re-
gional forms of the mature canal; the elements of this epithelial
pattern are already present at stage 16 (fig. 16-5). Antedating
stage 16 is a level with yet simpler expression of the same parts,
and so on, back to the primordial system. Thus starting from
the primary form this precocious epithelium of the gut pro-
gresses in its development step by step, always in the direction

of its inherent plan and at no place deviating from it. Considering
the relative backwardness of the other coats of the gut during
this period, one must attribute a high degree of intrinsic potency
to the different regions of the epithelium.

In stage 17 the vermiform appendix becomes marked off from
the caecum. In the kidney the pelvis has become branched. The
intestinal loop herniates into the umbilical cord without rotation
or coils. Drawing made by James F. Didusch. Reconstruction
made by Osborne O. Heard.
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Fig. 17-9. Section through duodenal epi-
thelium of No. 6520. (Cf. fig. 17-8.) In its
proliferative activity it forms diverticula
opening from the central lumen and also
isolated follicles. Because of the exuberant
growth of its epithelium there are produced
the two fusiform enlargements of the duo-
denum, above and below the combined
pancreatic and bile ducts. Drawing made by
James F. Didusch. Section 48-3-3.

It also shows the progress of cleavage of the endocar-
dial aortic and pulmonary channels. At the semilunar
valves (which appeared already at stage 16) the en-
docardium preserves the continuity of the lumen,
whereas the condensing mesenchyme fills in behind
it, forming three characteristic rounded occluding
masses. The narrow lumen through the valve appears
on section as a three-limbed cleft. This, therefore, is a
weak spot, and when one attempts to make a cast of
the lumen of these trunks, a break at the semilunar
sites is likely to result. Proximal to the valves the pri-
mary cardiac tube is still relatively voluminous, and
the larger parts correspond more or less to channels
suited to the two main blood currents. In the formation
of the semilunar valves, if mechanical factors enter in,
they certainly must be much more complicated than
those suggested to account for the separation of two

main blood channels. But even in these valves one
would hesitate to rule out the possibility of some me-
chanical influence at these sites, associated, for in-
stance, with the back-thrust of the systemic blood
columns which would, already at this time, follow each
heartbeat.

The posterior model (B) shown in figure 17-7 is
visualized as dissected free from the more anteriorly
situated part (A). The cut edge of the primary cardiac
tube (B) is arranged so as to leave uncovered the
entrance of the right atrioventricular canal. From ex-
amination of both views (A and B) one finds that the
separation of the aortic and pulmonary channels is
complete to the region proximal to the semilunar valves.
From there proximally, the primary cardiac tube still
consists of a single voluminous cavity, common to right
and left sides. Into it the incoming blood enters sep-
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Fig. 17-10. Reconstruction of the epithelial core of the two pancreatic ducts, showing also the biliary
ducts and their relation to the alimentary epithelium, typical of stage 17 (No. 1267A). It can be seen
that the dorsal pancreas, although fused with the ventral pancreas, still retains its original duct, Drawing
made by James F. Didusch. Reconstruction made by Osborne O. Heard.

arately from the right and left atria. These canals mark
the sites of the mitral and tricuspid valves, which are
still in the form of condensing mesenchyme.

By stage 17. foramen primum is obliterated and for-
amen secundum is wide. The membranous part of the
interventricular septum is formed from cushion ma-
terial that does not close the primary interventricular
foramen (McBride, Moore, and Hutchins, 1981). In-
terventricular foramen 2 is finally bounded by the conal
septum (especially by the right conal ridge) and the
fused atrioventricular cushions (Wenink, 1971). The
outflow tract is said to have been undergoing a coun-
terclockwise rotation, It should be stressed, however,
that “the formation of the septal system of the truncus
and conus is more complex than is usually recognized”
(Kramer, 1942).

DIGESTIVE SYSTEM

Six zones (four maxillary and two mandibular) of
odontogenic epithelium have been identified (Nery,
Kraus, and Croup, 1970).

In figure 17-8 is shown in outline the epithelial al-

imentary canal that is characteristic of stage 17. Over
and above its relative increase in length, various re-
gional morphological details are making their appear-
ance. In addition to a caecum, one can now distinguish
the vermiform appendix. The primary intestinal loop
projects further into the umbilical cord as the normal
umbilical hernia, which persists until approximately
40 mm. The elongating colon seems to be providing
the thrust that will aid in bringing the caecum to the
right side of the body.

The duodenal region is an especially active center
of epithelial proliferation, resulting in two fusiform
enlargements, one proximal to the entrance of the bile
and pancreatic ducts and the other distally. In the re-
gion of these enlargements the epithelium in its ac-
centuated growth acquires a follicular arrangement in
which the epithelium is oriented around small discrete
cavities (Johnson, 1910). In some cases these constitute
isolated follicles and in others they consist of diverti-
cula, communicating with the partially obliterated orig-
inal lumen of the gut (fig. 17-9) (Boyden, Cope, and
Bill, 1967). Traces of this exuberant type of epithelial



214 DEVELOPMENTAL STAGES IN HUMAN EMBRYOS

Fig. 17-11. Histological appearance of the abrupt
transition from the biliary ducts to the hepatic epi-
thelium. It supports the assumption that at the tips
of the ducts some of the hepatic epithelium be-
comes redifferentiated into the compact, deeply
staining, duct-forming cells. This process of redif-
ferentiation progresses outward through the em-
bryonic connective-tissue coat of the portal vein
and its branches. The growth of new connective
tissue and the ductal formation keep in close step.
Drawing made by James F. Didusch. No. 1267A,
section 5-1-1.

proliferation with its characteristic follicular tendency
are found also in other parts of the canal, notably in
the esophagus.

The relations of the ventral and dorsal pancreas and
of the biliary ducts to the intestine are shown in figure
17-10. One can see that the ventral pancreas, which
had sprouted from the bile duct, has now fused with
the dorsal pancreas. Each pancreas, however, still re-
tains its original duct, that of the ventral pancreas emp-
tying into the bile duct and that of the dorsal pancreas,
further rostrally, directly into the duodenum. Finally,
following anastomosis of the ductal systems of the two
parts, the more favored passage for the pancreatic se-
cretions from the whole gland leads through the ven-
tral pancreatic duct beside the bile duct, and the dorsal
pancreatic duct may disappear in the process,

Liver

The liver has already taken form as the joint product
of angioblastic tissue arising from the coelomic surface
cells (fig. 11-6) and of epithelial columns coming from
the opposite direction, sprouting from the hepatic ev-
agination of the gut epithelium (fig. 12-5). The two
tissues in this combination undergo continued rapid
proliferation, and there is soon produced the typical,
large trabeculated epitheliovascular organ known as
the liver. The liver shows signs of functional activity
important to the embryo from the beginning of blood
circulation and thereafter. If its first functional assign-
ment were to be its sole function, there appears no
reason that it should not become detached from the
gut wall and carry on by itself. It does not, however,
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become detached. There remains an epithelial stem
that preserves the continuity between the hepatic epi-
thelium and that of the gut. This stem is partially plex-
iform, and by stage 17 it is readily recognized as the
hepatic duct.

The nature of the abrupt terminal endings of the
hepatic duct is illustrated in fig. 17-11. It does not yet
penetrate far into the hepatic substance and is found
only at the hilum in the connective tissue of the wall
of the entering portal vein. At its elongating tips, it is
directly continuous with the hepatic epithelium, and
its further peripheral growth is accomplished at the
expense of the latter, which cell by cell at these tips
is transformed into smaller, darkly staining ductal cells.
This differentiation keeps step with the formation of
the connective tissue coat of the portal vein, along the
branches of which the biliary ductal system spreads.
Near the hepatic duct, but essentially separate in origin,
is the gall bladder and its duct. The hepatic duct and
the plexiform terminations of its biliary tributaries, in
the reticulum along the wall of the portal vein, have
been reconstructed in three dimensions and are shown
in figure 17-10. Information on the development of
the intrahepatic biliary ducts is available (Koga, 1971).

The separation of the lungs from the digestive sys-
tem is essentially complete by stage 17, and the pseu-
doglandular phase of pulmonary development is under
way. The form of the epithelial bronchial tree is illus-
trated in figures 17-8 and 17-14. One can more defi-
nitely recognize the groupings that will make up the
three lobes on the right side and two on the left. Seg-
mental buds represent the bronchopulmonary seg-
ments In addition to the growth and branching of the
epithelial tube, the surrounding visceral mesenchyme,
which, in part at least, was derived from the coelomic
epithelium, is advancing in its differentiation, and one
can now recognize condensations that are to become
tracheal cartilages. The vagus nerves have increased
progressively in size. Figure 15-7c shows that the
esophagus, lying behind the trachea, is acquiring a
submucous coat enclosing the epithelium, which coat
is practically absent from the trachea. It is also to be
noted that the right and left pulmonary arteries have
become more prominent.

U RINARY  S YSTEM

(fig. 17-14)

The mesonephros shows epithelial plaques in the
visceral layer of the glomerular capsule and hence can
produce urine (Silverman, 1969). The pelvis of the
ureter usually shows three main divisions, and calices
appear. The urogenital sinus presents a pelvic part
(vesico-urethral canal) and a phallic part (definitive
urogenital sinus).

REPRODUCTIVE  SYSTEM

The structure of the gonad is shown in figure 18-9.
The paramesonephric ducts, which may appear at the
previous stage, arise as invaginations of the coelomic
epithelium. The genital eminence forms the phallus at
stage 17 or stage 18. The nipples appear as buds on
the mammary crest (Bossy, 1980b).

S K E L E T A L  S Y S T E M

Some of the vertebral centra, which appear at stage
15, begin chondrification at stage 17 (Sensenig, 1949).
The neural arch begins as right and left neural pro-
cesses at stage 15. The skeleton of the upper and lower
limbs becomes visible as mesenchyme at stages 15 and
16, respectively, and chondrification commences at
stages 16-17 (e.g., in the humerus and radius) and 17-
18 (e.g., in the femur) (O’Rahilly and Gardner, 1975).
A general view of the mesenchymal skeleton at stage
17 shows also the beginning chondrocranium (Blech-
schmidt, 1963, plate 24).

NERVOUS SYSTEM

(fig. 17-12)

The rhombomeres are still visible, but the rhombic
grooves are limited to the side and absorbed in the
surrounding surface, so that they are no longer visible
in a median view. Migration of cells from the medio-
ventral cell column to the definitive sites of the special
visceral motor nuclei is still proceeding. The first nu-
cleus to settle down is that of the trigeminal nerve.
Vestibulocerebellar and trigeminocerebellar fibers run
toward the cerebellum, which grows in thickness. The



216 DEVELOPMENTAL STAGES IN HUMAN EMBRYOS

Fig. 17-12. Reconstruction of right half of brain of an embryo
(No. 6520) belonging in the middle third of stage 17. The mar-
ginal ridge, projecting into the lumen and separating the dorsal
thalamus from the ventral thalamic region lying rostral to it, is
now plainly seen. The contours of the wall are seen in section
A. This drawing was made from No. 940 of the same stage, and
it corresponds to a transverse section along the dotted line
shown in the sketch of the reconstruction, passing caudal to the
epiphysis, with its lower end transecting the hypophysis. It will
be noted that above the marginal ridge the wall is behind in
development, and ventral to it the wall is precocious. The ventral
thalamic region has a nuclear area comparable to a mantle zone.
In the hypothalamic region there is a large fiber field which
appears to unite later with the peduncular system. The neuro-
hypophysis forms a deep ventral pocket with characteristic fold-
ings of its caudal wall. The adenohypophysis is flattened
dorsoventrally, but spreads widely, enclosing the infundibulum
on each side with its two wings: it is therefore larger than is
shown in a median section. Finally, it is to be noted that the
olfactory evagination is just making its appearance. Drawings
made by James F. Didusch. Reconstruction made by Osborne
O. Heard.



Fig. 17-13. These photomicrographs show the characteristics
of the eye, as seen under the microscope, in stages 16 and 17.
In stage 16 the lens vesicle has a large lumen. One can see rather
sharply demarcated the section of its wall that is to become the
lens disc, distinct from the epithelium that is to remain as the
thin epithelial layer over the front of the lens in the mature eye.
In stage 17 the lens disc, in the histogenesis of lens fibers,
becomes much thicker and encroaches upon the lens cavity,

reducing it to a crescentic shape. Another decisive advance is
the formation of the internal neuroblastic layer of the retina by
migration from the primary zone (O’Rahilly, 1966) as seen in
C. The starting point of this migration occurs at about the lo-
cation of the future macula. In the next stage the spread is much
wider. (A) No. 6509, 12-1-3. (B) No. 6507, 7-2-3. (C)No. 6520,
22-2-3. (D) No. 6521, 24-3-4. A, B, and D are at the same mag-
nification
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and represents the future insula. One-third of the length
of the cerebral vesicles reaches more rostrally than the
lamina terminalis. The olfactory tubercle is character-
ized by cellular islands; both the olfactory tubercle and
the future olfactory bulb are marked by a slight ele-
vation at the surface of the brain. The olfactory fibers
form a compact bundle that runs from caudal to rostral,
where the fibers enter the brain wall. A medial strand,
containing the future vomeronasal and terminal nerves,
can be distinguished from a lateral one (Bossy, 1980a).
All parasympathetic ganglia of the cranial nerves, ex-
cept the otic, are present (Wozniak and O’Rahilly, 1980).
The dural limiting layer begins to form in basal areas
of the brain, and pori durales for some of the cranial
nerves are present (O’Rahilly and Müller, 1986b).

Eye
Retinal pigment is clearly visible even under low

power (figs. 17-13C,D and 18-12B). The retinal fissure
is largely closed. Further changes are occurring in ret-
inal differentiation (O’Rahilly, 1983b), particularly in
the future macular region. The cavity of the lens vesicle

changes gradually from D-shaped to crescentic (fig.
17-13D).

Ear

The membranous labyrinth is shown in figure 17-
14. The endolymphatic appendage is a relatively large,
thin-walled, fusiform sac. The future cochlear duct is
elongating at the tip of the labyrinth. The walls of the
vestibular part are becoming thinner and approxi-
mated, making imminent the absorption of the con-
tacting surfaces and the resulting formation of the
semicircular ducts. Only those specimens in which
absorption has not yet occurred are admitted to this
stage, and consequently in none of them is a semicir-
cular duct yet present. The auditory ossicles are de-
fined in mesenchyme.

SPECIMEN OF STAGE 17 ALREADY DESCRIBED

12-mm embryo. The peripheral nervous system was de-
scribed by Volcher (1959) in an embryo of stage 17.


